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Monitoring long-termanalytical performance. Fig. 1 shown by the data point (marked by the arrow in Fig. 1 ) on the control chart crossing the LCL, so that now averaged 9.8%.
Monitoringspecific analytical performance. Fig. 2 summarizes the results of the data over the same study period as in Fig. 1 
Discussion
We have found Shewhart p control charts to be a simple way to monitor overall laboratory analytical performance over an extended period. As shown in Fig. 1 , pooling data allows us to combine our performance in several separate QAPs, and to
Date at end of Cycle obtain a long-term graphical measure of our analytical performance. Note that this pooling of data is intended to monitor laboratory-wide aspects of the testing process; changes in the performance of an individual instrument or a particular analyte may be obscured by the pooling process.
By charting laboratory performance in specific programs (Figs. 2 and 3) , we have been able to monitor changes in the analytical performance of particular analytical processes in our laboratory that would have been hidden in the usual statistical variation of our analytical processes.
RECALCULATION OF CONTROL LIMITS
When using these charts, one must periodically recalculate the UCL and the LCL. We chose to recalculate whenever a data point exceeded either control limit, and also whenever a run test failed [2, 5] . For example, in Fig. 2, region B , seven consecutive data points were below the previous average, indicating the need for recalculation.
For the purpose of a statistical test, any consecutive set of subgroups may be combined into a single subgroup so that the average fraction rejected of a set of subgroups may be tested to see whether it varies by >3cr from the set value for the fraction rejected [2] . In Fig. 2 , the initial value fork is 0.15 (region A). Combining the data from 18 June 1992 to 10 August 1992 (region B) gives a subgroup size of 391. From this size and the previous value for (0.15) we can calculate the LCL for this subgroup:
The calculated flfor this period was 0.070, which is less than the calculated LCL for the period-an indication that a significant improvement has taken place (P <0.001).
From these data, 0.070 becomes the new , and the new control limits are calculated accordingly. In the subsequent period (Fig. 2, region C) , p exceeded the UCL of region B, so we again recalculated and determined the new control limits.
Alternatively, one could choose to reanalyze at specified intervals, e.g., at the end of each month or program cycle.
LIMITATIONS ON THE USE OF SHEWHART
p CONTROL
CHARTS
The p control chart limits described here are based on a gaussian approximation to the binomial distribution. For a small sample size, this approximation of the binomial distribution is poor. In practice, the approximation is very good if both the expected number of rejectables (np) and the expected number of nonrejectables (nq) are >5 [7] . We reasoned that for a p control chart to be of use in monitoring laboratory external QAP performance, then n, the number of tests performed for a given data point on the chart,
should be large enough that the UCL is <100%. Second, an increase of + 1 in the number of tests rejected should not produce a change in p >1 ; that is, an increase in the number of unacceptable results by one should not cause p to increase from just <2o' to just >3a. Fig. 4 shows a summary of the requirements for the practical use of p control charts in these limiting cases. control limits from these data alone would produce limits so tight that no future data points would be permitted to lie outside of the ALE, and the control chart would be of little practical use to the laboratory. Conversely, at point C, analytical performance deteriorated because of a problem with introducing samples into our analyzer; this was rectified in July 1994, after which 6 consecutive data points fell below the mean value of (0). Depending on the position of the next data point (E), there are two possibilities: (1) Ifthe next point is outside the ALE, p would cross above , thereby preventing recalculation of control limits for period D, even though the problem at C had been a transitory one now rectified and no longer present.
(2) If the next data point is inside the ALE, then we can recalculate the control limits for period 0, but the same problem of excessively tight control limits described for B will recur.
CONSIDERATIONS FOR DESIGNING AN EXTERNAL QAP
Within our schema, a QAP result is deemed to be acceptable only if it lies within some specified ALE. Changes to these specifications will naturally affect the fraction rejected. Therefore, if the program coordinators of a QAP choose to alter the specification limits, p will be affected for all analytes in that program, even if the analytical performance of the laboratory is unchanged.
The values of and the control limits of all p control charts of external QAP data being used to monitor the analytical performance of a laboratory must be reviewed whenever the organizers of a QAP alter the ALE of constituent analytes. The value of p is dependent on the concept of total analytical error, as described by Westgard [8] . For a set of gaussianly distributed data (with a bias of . -) returned by participants in a QAP for a given sample, the probability that a given result will exceed the specification limits is equal to the summed areas under the tails of the probability distribution curve that exceed those limits. This gives the result for a given chemistry, from the perspective of the QAP organizers. By averaging the values for all analytes in the QAP, one can estimate the for the entire program. Using Fig. 4 , one can determine the minimum sample subgroup size n such that a p control chart will be of practical use to participants in monitoring their long-term analytical quality for that particular QAP. These calculations will be of value to the proportions of laboratory request forms and orders that lack essential information (manuscript in preparation), the proportions of laboratory workload and resources directed to various laboratory activities [9] , and the proportions of pathology reports and charts containing errors [4] . These applications of control chart techniques have been especially useful for monitoring the extent of variation of a Minimum Subgroup Size potentially stable process, or when one needs to know whether changes in performance are the result of planned changes or due to chance alone.
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